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Phthalates are multifunctional chemicals used to
hold color and scent in consumer and personal
care products (Koo et al. 2002); as carpet back-
ing and as solvents in paints, glue, and insect
repellents (ATSDR 1999); and to soften a
wide range of plastic goods (Bradbury 1996).
Di(2-ethylhexyl) phthalate (DEHP), one of
the more commonly used phthalates, leaches
from blood products, intravenous and dialysate
bags, and tubing made with polyvinyl chloride
(Nässberger et al. 1987). Phthalates are also pre-
sent in drinking water, air, and food (ATSDR
1995, 1999, 2000). Despite the rapid metabo-
lism and elimination of most phthalates (Koo et
al. 2002; Nässberger et al. 1987; Peck and Albro
1982), theoretically a constant steady state may
be reached because of chronic and repetitive,
low-level exposures from dietary ingestion and
from many commonly used products.

Evidence of widespread exposure of the
U.S. population to phthalates comes from two
recent studies on the levels of phthalate meta-
bolites in urine samples collected for the Third
National Health and Nutrition Examination
Survey (NHANES III) (Blount et al. 2000b)
and NHANES 1999 (CDC 2001). The
NHANES surveys collect biological samples
and information about the health and diet of
people in the United States (National Center

for Health Statistics 2001). Four phthalate
metabolites—monoethyl phthalate (MEP),
mono-2-ethylhexyl phthalate (MEHP), mono-
n-butyl phthalate (MBP), and monobenzyl
phthalate (MBzP)—were present in more than
75% of U.S. subjects sampled (Blount et al.
2000b; CDC 2001).

Evidence of general population exposure to
phthalates (Blount et al. 2000b; CDC 2001),
as well as in vitro studies suggesting that some
phthalates are hormonally active (Harris et al.
1997; Nakai et al. 1999) and animal studies
showing associations between some phthalates
and testicular toxicity (Gangolli 1982; Li et al.
1998; Parks et al. 2000; Sharpe et al. 1995;
Thomas et al. 1982), has generated both public
and scientific concern about potential repro-
ductive effects of phthalates. Recent in vitro
studies using the alkaline comet assay (single-cell
gel electrophoresis) found di-n-butyl phthalate
(DBP) and di-isobutyl phthalate (DiBP) to be
genotoxic in human epithelial cells of the upper
aerodigestive tract (Kleinsasser et al. 2000a),
as well as in mucosal cells and lymphocytes
(Kleinsasser et al. 2000b). Additionally, the
comet assay was used to detect DNA damage
in human lymphocytes induced by in vitro
exposure to DEHP and MEHP (Anderson et
al. 1999).

A lack of consensus on which semen qual-
ity tests are the best predictors of human male
fertility has led to the development of several
new methods to evaluate semen quality. The
traditional semen analysis measures sperm con-
centration, motility, and morphology (World
Health Organization 1999). Several laboratory
techniques are used to evaluate sperm DNA,
such as the sperm chromatin structure assay
(SCSA) (Evenson et al. 1991). The SCSA may
prove to be a useful clinical test because of its
high repeatability and its ability to measure an
aspect of fertility that differs from what can
be offered by the traditional semen analysis
(Evenson et al. 1999). Other DNA tests in-
clude fluorescence in situ hybridization, used to
measure aneuploidy, as well as assays used to
measure DNA integrity, including single-cell
microgel electrophoresis (comet assay) and the
terminal deoxynucleotidyl transferase–mediated
dUTP-biotin end-labeling (TUNEL) assay
(Lähdetie et al. 1996; Martin 1993; Sun et al.
1997; World Health Organization 1999).

Few published human studies have exam-
ined the effect of environmental chemicals on
DNA integrity in sperm as measured by the
comet assay. In the present study, we used the
neutral comet assay to measure DNA integrity
in human sperm and investigated whether
DNA integrity was associated with urinary
concentrations of five phthalate monoesters.

Materials and Methods

Subjects. The study was approved by the
Harvard School of Public Health and
Massachusetts General Hospital (MGH)
Human Subjects Committee, and all subjects
signed an informed consent form. Subjects
were recruited from an ongoing semen quality
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Phthalates are industrial chemicals widely used in many commercial applications. The general
population is exposed to phthalates through consumer products as well as through diet and medical
treatments. To determine whether environmental levels of phthalates are associated with altered
DNA integrity in human sperm, we selected a population without identified sources of exposure to
phthalates. One hundred sixty-eight subjects recruited from the Massachusetts General Hospital
Andrology Laboratory provided a semen and a urine sample. Eight phthalate metabolites were
measured in urine by using high-performance liquid chromatography and tandem mass spectrome-
try; data were corrected for urine dilution by adjusting for specific gravity. The neutral single-cell
microgel electrophoresis assay (comet assay) was used to measure DNA integrity in sperm.
VisComet image analysis software was used to measure comet extent, a measure of total comet
length (micrometers); percent DNA in tail (tail%), a measure of the proportion of total DNA pre-
sent in the comet tail; and tail distributed moment (TDM), an integrated measure of length and
intensity (micrometers). For an interquartile range increase in specific gravity–adjusted monoethyl
phthalate (MEP) level, the comet extent increased significantly by 3.6 µm [95% confidence interval
(95% CI), 0.74–6.47]; the TDM also increased 1.2 µm (95% CI, –0.05 to 2.38) but was of border-
line significance. Monobutyl, monobenzyl, monomethyl, and mono-2-ethylhexyl phthalates were
not significantly associated with comet assay parameters. In conclusion, this study represents the
first human data to demonstrate that urinary MEP, at environmental levels, is associated with
increased DNA damage in sperm. Key words: comet assay, DNA damage, environmental, human
sperm, phthalates, urinary metabolites. Environ Health Perspect 111:1164–1169 (2003).
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